The effect of halothane on the amplitude and conduction time of the evoked nerve action potential of a mammalian nerve preparation was determined in vitro. The action of 4 per cent v/v halothane on the action potential was measured at three different hydrogen ion concentrations in the Krebs perfusate, namely, pH 6.57, pH 7.40, pH 8.00. Halothane potency, assessed by the depression of the action potential amplitude, was inversely proportional to the extracellular pH and represented a mean 18.7 per cent decrease of halothane potency for a rise of one pH unit. The change in nerve conduction time induced by halothane was found to be less with a high extracellular pH than with a normal pH, and represented an 18.8 per cent decrease in halothane potency for a rise of one pH unit.
The action of some volatile anaesthetic agents on isolated nerve tissues was investigated first in 1896 by Waller. The continued usefulness of this type of experimentation depends on the reproducibility of the effect of anaesthetic drugs on the action potential, and on the ease of altering the ionic conditions surrounding the tissue.
Waller also found physiological improvement in the condition of the nerve tissue by adding modest amounts of carbon dioxide to the oxygen passing the tissue. The evidence for the improvement was a more stable preparation which lived longer, and an apparent increase in the action potential amplitude. Many workers have since confirmed that changes in the Fco 2 of the gas mixture are associated with alterations of the action potential.
Only recently, however, has it been shown that the changes in the action potential correlate with the extracellular pH and not with the Pco 2 , and thus carbon dioxide has no direct action on the nerve (Ellis, 1969) . It was found in this study that the compound action potential amplitude was maximal when the extracellular pH was 7.45 but diminished linearly with rise or fall of the pH. The nerve conduction time varied linearly and reciprocally with the extracellular pH.
A preliminary study of halothane on a peripheral nerve showed a depression of the action potential and conduction velocity, and this was modified by a change of Fco 2 of the gas mixture (Ellis, 1968) . It was decided to pursue this investigation further to determine whether the alteration of the effect of halothane was Pco 3 or pH dependent.
METHODS
Adult female hooded Lister rats weighing 250-300 g were killed and bled, and the left phrenic nerve was dissected free and removed. After desheathing, the nerve was attached to four platinum electrodes and placed in an organ bath. The tissue was continually gassed with oxygen/ carbon dioxide gas mixtures and intermittently perfused with Krebs solution at 37°C±1°C of the following composition (mM): NaCl 118.4, KC1 4.7, CaCl 2 2.6, KH 2 PO 4 1.2, MgSO 4 1.2, ( + )-glucose 10.1, NaHCO 3 (see text).
The nerve was stimulated 30 times a minute via two platinum electrodes using supramaximal rectangular electrical impulses derived from a Palmer D45 stimulator. The evoked action potentials were sensed by two other platinum electrodes and were displayed on a D43 Telequipment oscilloscope where they were photographed. A high electrical input impedance amplifier intervened between the electrodes and F. R. ELLIS, F.F.A.R.C.S., Department of Anaesthesia, University of Leeds. the oscilloscope. One minute before a recording was made the Krebs solution was drained from the organ bath to ensure contact of the nerve with the electrodes and to decrease the loss of action potential by the Krebs solution acting as an electrical shunt.
Halothane was delivered in the gas mixture and was vaporized in a calibrated Fluotec Mk. II vaporizer. The nerve tissue and surrounding Krebs solution were gassed for 15 minutes between recordings to ensure equilibrium between the gas and the liquid phases.
In the first series of experiments the effect of halothane on the nerve preparation was assessed at a normal physiological pH of approximately 7.45 pH units. Sodium bicarbonate 25 mM/1. was added to the Krebs solution which was gassed with a 5 per cent carbon dioxide/95 per cent oxygen gas mixture which vaporized varying concentrations of halothane, namely, 0, 0.5, 1.0, 2.0 and 4.0 per cent v/v. Three separate experiments were performed and each followed a 5 x 5 latin square format in which the variables were the five halothane concentrations.
In a second series of eight experiments the pH of the Krebs solution was controlled by the Fco, of the gassing mixture and the sodium bicarbonate concentration; table I shows the four combinations used. Throughout each experiment the bicarbonate concentration was kept constant and so for each experiment only two hydrogen ion concentrations were tested. These experiments adhered to a 4x4 latin square format in which the variables were the Fco, (3 per cent and 20 per cent) and the concentration of halothane added (0 per cent and 4 per cent).
The significance of the results of each complete experiment is expressed as the F ratio, which is calculated from an analysis of variance. independent measurements on one preparation, and this is expressed as a percentage of the mean control value for that preparation. The halothane dose/effect relationship on the action potential amplitude is obvious from figure 1 and was statistically significant at the 1 per cent level for each experiment. At the 4 per cent halothane concentration there was a marked depression of the potential, but at a lower concentration an increase in the action potential was frequently seen.
The halothane dose/effect relationship on nerve conduction time showed an increase with 4 per cent halothane which is significant at the 1 per cent level for experiment 111, at the 5 per cent level for experiment 117, and insignificant at the 5 per cent level for experiment 112. fig. 3 . 
Action potential amplitudes with pH change.

Nerve conduction times with pH change.
A measure of the nerve conduction time was taken to be the elapsed time (m.sec) between the stimulus artefact and the peak of the compound action potential. Table III summarizes the results of the eight experiments and again each result represents the mean of four independently determined nerve conduction times, and the mean results for all the experiments are seen at the bottom of each column.
The control conduction times were linearly related to the pH with the longest mean conduction time at pH 6.57 and the smallest at pH 8.00. The effect of 4 per cent halothane was to increase the conduction time at each pH level and the greatest increase of 24.6 per cent was at pH 7.40; this did not differ significantly from the increase of 22.8 per cent found at pH 6.57. The increase in conduction time found at pH 8.00 was 13.3 per cent. Figure 3 shows the mean percentage increase in conduction time due to 4 per cent halothane plotted against the pH.
DISCUSSION
The need for two groups of experiments to determine the pH/halothane interaction exists because of the necessity first to maintain the same concentration of sodium bicarbonate throughout each experiment to avoid changes of sodium ion concentration which affects the action potential amplitude, and secondly, to avoid excessively long experiments and thus to reduce the timedependent variance.
The nerve conduction time results are disappointing and the reason can be found in the halothane dose/effect relationship which shows an appreciable experimental scatter ( fig. 2) . The control results confirm the previous finding of an inverse relationship between pH and nerve conduction time (Ellis, 1969) and there is a reduced effect of 4 per cent halothane with a raised extracellular pH.
The results of the action potential amplitude changes are, however, significant and interesting. The halothane dose/action potential amplitude relationship shows a marked and predictable depression with high doses of halothane. This demonstrates the usefulness of this nerve preparation as a suitable pharmacological model on which to investigate anaesthetic agents.
The temporary increase in amplitude which occurs at approximately 1 per cent halothane is a constant feature. There is no detectable change in tissue electrical impedance which could account for this and so a biological explanation should be sought. A similar finding has been reported for diethyl ether and chloroform (Wyke, I960) .
The depression of the action potential amplitude with both increase and decrease of pH from 7.40 confirms the previous study (Ellis, 1969) . The reason for this is not obvious although the pH sensitivity of most enzyme systems (Fruton and Simmons, 1963) , upon which membrane potentials are known to depend, tempts one to suggest a correlation. However, the effect of pH change on the depression of the action potential by halothane differs qualitatively by being linearly related to pH over the experimental range, and thus a similar mechanism is unlikely.
The altered potency of many local anaesthetics with pH change has been shown to be due to the dependence of their ionic dissociation on pH. Although there is no suggestion that halothane could undergo any similar change, it is possible that the pH influences the halothane receptor binding within the cell membrane. 
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